1 

TITLE OF THE INVENTION 

Semiconductor Pressure Sensor Device to Detect Micro Pressure 
BACKGROUND OF THE INVENTION 
Field of the Invention 

5 The present invention relates to a semiconductor pressure sensor device, and 

more particularly, it relates to a semiconductor pressure sensor device employed for an 
application of a micro pressure such as tank internal pressure sensors detecting gasoline 
leakages of vehicles, and so on. 
Description of the Background Art 

10 The semiconductor pressure sensor device detects a pressure employing an 

effect converting a pressure added to a semiconductor into an electronic signal. A 
device which includes a semiconductor sensor substrate having a diaphragm of 
appropriate thickness for generating a predetermined electronic signal corresponding to a 
predetermined pressure and a glass base as a support member to fix the semiconductor 

15 sensor substrate is known as such a semiconductor pressure sensor device. 

There is a sensor such as shown in Fig. 1 of Japanese Patent Application 
Laid-Open No. 8 - 21774 (1996) (pp. 3 and 4) as the semiconductor pressure sensor 
having a composition described above. The semiconductor pressure sensor which is 
known conventionally employs a circular diaphragm changing corresponding to a 

20 pressure difference on its both surfaces. This diaphragm is formed in a square 
semiconductor sensor substrate composed of a single-crystal silicon substrate having a 
stress sensor formed on one surface of it. Four strain gage elements are formed on the 
periphery of the diaphragm and detect a stress on the diaphragm. These strain gage 
elements indicates a piezoresistance characteristic and the resistance changes 

25 corresponding to the stress experienced by the sensor. Furthermore, a circular cavity is 
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formed by a silicon etching in the surface opposite to the sxirface where the strain gage 
elements are placed to form the diaphragm. Moreover, a support member composed of 
a borosilicate glass is joined on the other main surface of the semiconductor sensor 
substrate. 

5 In the meantime, the support member has a through-hole which becomes a 

circular stress leading-in hole in the proximity of its center part and is connected with the 
surface opposite to the surface where the strain gage elements are formed. Moreover, a 
circular supporting part surrounding the diaphragm and moreover being concentric with 
this is placed in higher level than its periphery by several jim on a bonding region of the 

10 support member facing with a thick part surrounding the diaphragm of the semiconductor 
sensor substrate. According to this, a shape of the bonding region becomes circular and 
a zero shift phenomenon caused by a condition that the shape of the bonding region with 
the support member is not symmetrical to a shape of the diaphragm is prevented. 

In case of a silicon etching described above, an etching velocity changes 

15 corresponding to a temperature of an etching solution and a concentration of an etchant, 
thus a homogenization of the solution temperature and the etchant concentration is 
provided by rotating the silicon substrate in the etching solution, however, there is a 
tendency that a turbulent flow occurs in a cavity adjacent to the diaphragm in case that an 
etching amount of the silicon in a depth direction increases, a temperature difference and 

20 an etchant concentration difference come to occur easily, and then a thickness of a 
periphery part is reduced in size as compared with a central part of the diaphragm. The 
thickness of the silicon substrate is 400 |im, and the thickness of the diaphragm is 
approximately 18 jxm, thus a reasonable technique is necessary to control the thickness of 
the diaphragm in the conventional technique described above also, however, it is 

25 necessary to reduce moreover the thickness of the diaphragm to obtain a stable signal 
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with a fair S/N Ratio in a micro pressure measurement, and consequently, the etching 
amount of the silicon gets to increase, and according to this, the thickness of the 
diaphragm varies furthermore widely, and at worst, there is a case that a hole is formed in 
the diaphragm in part. 

5 In the meantime, when the thickness of the silicon substrate is reduced in 

advance, the thickness of the diaphragm can be reduced by reason that the etching amoimt 
decreases and the difference lessens, however in the meantime, the thickness of the thick 
part is also reduced. When the thick part is thick enough, a bonding stress with the 
support member can be absorbed and thus an influence upon the diaphragm can be curbed, 

10 however, when the thickness of the thick part is reduced, a problem arises that the 
bonding stress cannot be absorbed in the thick part suflRciently, the diaphragm provides a 
larger strain, a resistance value of the strain gage element formed on the semiconductor 
sensor substrate changes, and these conditions cause a drop of an initial characteristic. 
Consequently, 400 |xm in thickness is necessary for the silicon substrate. 

15 In case of Japanese Patent Application Laid-Open No. 8 - 21774, the zero shift 

phenomenon caused by a condition that the shape of the bonding region with the support 
member is not symmetrical to the shape of the diaphragm is prevented by forming the 
circular supporting part surrounding the diaphragm and moreover being concentric with 
this higher than its periphery on the bonding region of the support member facing with 

20 the thick part surroimding the diaphragm of the semiconductor sensor substrate and also 
making the shape of the bonding region circular, however, the subject described above is 
not recognized. Furthermore, in case that a slippage of a position imavoidable upon a 
manufacturing process occurs when the semiconductor sensor substrate and the support 
member are joined with each other, the symmetry of the shape of the bonding region with 

25 the support member to the shape of the diaphragm cannot still be secured, and thus the 
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occurrence of the zero shift phenomenon is concerned. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a semiconductor pressure 
5 sensor device which can obtain a stable signal with a fair S/N Ratio in a micro pressure 
measurement by reducing a thickness of a diaphragm without causing a drop of an initial 
characteristic. 

An aspect of the semiconductor pressure sensor device according to the present 
invention includes a semiconductor sensor substrate having one and other main surfaces 

10 facing and being in parallel with each other and a support member on which the 
semiconductor sensor substrate is moimted. Moreover, the semiconductor sensor 
substrate includes a thin part constituting a diaphragm, a thick part surrounding the thin 
pat, a strain gage element formed on a surface of the diaphragm in a side of the one main 
surface, for detecting a pressure, and a first concave part formed by the thin part and the 

15 thick part, having an opening part in the other main surface, and whose bottom part 
corresponds to the thin part. The support member includes a second concave part and is 
placed such that said support member is fixed on the thick part of the semiconductor 
sensor substrate in a side of the other main surface so that an opening part of the second 
concave part faces with the opening part of the first concave part and has a positional 

20 relationship to be included in the opening part of the first concave part in a plane view. 

According to the constitution as described above, the stable signal with the fair 
S/N Ratio can be obtained in the micro pressure measurement, too, by reason that the 
thickness of the diaphragm can be controlled with accuracy, and moreover, the drop of 
the initial characteristic caused by reducing the thickness of the semiconductor sensor 

25 substrate can be prevented. 
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These and other objects, featiires, aspects and advantages of the present 
invention will become more apparent from the following detailed description of the 
present invention when taken in conjunction with the accompanying drav^ngs. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view illustrating a preferred embodiment of a 
semiconductor pressure sensor device according to the present invention. 

Fig. 2 is a plan view and a cross-sectional view taking only a sensor assembly 
10 part from Fig. 1 . 

Fig. 3 is an explanation drawing in case that a semiconductor sensor substrate 
and a glass base are in anode bonding with a position slipped. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The preferred embodiment of the present invention is described on the basis of 
the drawings hereinafter. Fig. 1 is the cross-sectional view illustrating the preferred 
embodiment of the semiconductor pressure sensor device according to the present 
invention, and Fig. 2 is the plan view and the cross-sectional view taking only the part of 
the sensor substrate assembly 10 from Fig. 1. 

In Fig. 2, a semiconductor sensor substrate 1 is composed of silicon, has two 
parallel main surfaces facing with each other, is a square substrate of 150 to 250 |im in 
thickness and 3mm on a side, and includes a square diaphragm la of 13 |Lim in thickness 
and 1.4 mm on a side existing in a center part of the substrate, a thick part lb having the 
same thickness as the substrate and exiting in a periphery part of the substrate, and the 
square first concave part Ic regulated by the diaphragm la and the thick part lb and 
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having an opening part in the other main surface. Four strain gage elements Id are 
formed on a surface of the diaphragm la in the side of one main surface of the 
semiconductor sensor substrate 1 with employing a known semiconductor process. 

A glass base 2 as a support member reinforcing and supporting the 
5 semiconductor sensor substrate 1 is placed on the other main surface of the 
semiconductor sensor substrate 1. The glass base 2 has two parallel main surfaces and 
has a square shape of 2 mm in thickness and 3 mm on a side, and it is made of a 
borosilicate glass having a thermal expansion coefficient similar to silicon. A second 
concave part 2a is provided to have an opening part on one main surface in a center part 

10 of the glass base 2, and is surrounded by a thick part 2b. The semiconductor sensor 
substrate 1 and the glass base 2 are in anode bonding hermetically and tightly with each 
other in the respective thick parts (lb and 2b) so that the other main surface of the 
semiconductor sensor substrate 1 and the one main surface of the glass base 2 are faced 
with each other. The second concave part 2a has a square shape having a side shorter 

15 than the side of the sqviare diaphragm la by approximately 500 ixm with considering an 
error in an alignment to prevent a joint surface of the semiconductor sensor substrate 1 
from overlapping the opening part of the second concave part 2a in case of the alignment 
of the semiconductor sensor substrate 1 with the glass base 2 in anode bonding, and its 
depth is 150 |iim or more. Moreover, a circular through-hole 2c which becomes a stress 

20 leading-in hole is formed in the center part of the glass base 2 to join the one main surface 
with the other main surface. A pressure to be measured is introduced into a space 
regulated by the first concave part Ic and the second concave part 2a through the 
through-hole 2c, the diaphragm la is modified by the pressure, and the presstire is 
converted into an electronic signal by the four strain gage elements Id formed on the 

25 diaphragm la. 
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The sensor substrate assembly 10 constituted as described above includes a 
connector part 3b, is took inside of a resin package 3 having a cavity inside, is placed on a 
nipple 3a for a pressure introduction to align with the through-hole 2c, and fixes the 
sensor substrate assembly 10 and prevents the pressure from leaking from the nipple 3 a 
5 by filling a silicone resin 4 up to a side svuface of the glass base 2 in the peripheral cavity. 
A lead 5 is provided in the connected part 3b of the resin package 3, is connected with the 
semiconductor sensor substrate 1 through a wire 6, and takes the electronic signal 
converted from the pressure by the semiconductor sensor substrate 1 outside through the 
wire 6 and the lead 5. The surface of the semiconductor sensor substrate 1 is covered 
10 with a silicone resin 7 for a purpose of protection, and moreover, an inside of the resin 
package 3 is protected by sealing a cavity part of the resin package 3 with a cover 8 and 
an adhesives 9. 

The diaphragm la of the semiconductor sensor substrate 1 is formed by 
removing a predetermined part in the other main surface of the silicon substrate by an 

15 etching and by making it have a predetermined thickness. An etching solution such as a 
potassium hydroxide solution that an etching velocity has anisotropy ageiinst a crystal axis 
of silicon is generally employed for this etching. According to this, a shape of a formed 
cavity, that is to say, a shape of the diaphragm becomes a rectangle including a square. 
As described above, as for such an etching, the thickness of the diaphragm tends to vary 

20 widely due to an increase of the etching amount, however in the present preferred 
embodiment, the thickness of the semiconductor sensor substrate 1, that is to say, the 
thickness of the silicon substrate is set to be from 400 |xm to 250 jim or less, thus the 
increase of the etching amount does not occur, and it becomes possible to form the 
diaphragm of little difference and less thickness. According to the above description, it 

25 is preferable to make the thickness of the semiconductor sensor substrate 1 small from the 
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aspect of an accuracy of the diaphragm thickness, however, 150 ^im or more is necessary 
to maintain a basic strength in case of a handling of the substrate in a manufacturing 
process. 

In this manner, the difference of the thickness of the diaphragm becomes small 
5 by reducing the thickness of the silicon substrate, however, in the meantime, there is a 
problem that the diaphragm la gets a strain from the stress generated due to a bonding 
with the glass base 2 and causes the drop of the initial characteristic of the strain gage 
element Id. A temperature in case of the anode bonding of the semiconductor sensor 
substrate 1 with the glass base 2 is high, such as 380 to 430 °C, thus the stress is 

10 generated in the bonding surface when returning to room temperature due to a difference 
of the thermal expansion coefficient of silicon with the borosilicate glass, however, when 
the thickness of the silicon substrate becomes small, that is to say, when the depth to the 
diaphragm la becomes small, an influence of the stress by a contraction of the glass base 
2 extends to the diaphragm la easily, thus the initial characteristic brings about a 

15 significant influence. 

Consequently, in the present preferred embodiment, a strain generated by the 
stress described above is absorbed by not only the thick part lb of the semiconductor 
sensor substrate 1 but also the thick part 2b of the glass base 2 by forming the second 
concave part 2a in the glass base 2, and the strain which the stress described above 

20 provides for the diaphragm la is relaxed. According to this, it becomes possible to 
prevent the drop of the initial characteristic caused by reducing the thickness of the 
silicon substrate. For this purpose, the amount of the thickness reduced from the 
semiconductor sensor substrate 1 or more is necessary for the depth of the second 
concave part 2a, that is to say, in case that the thickness of the semiconductor sensor 

25 substrate 1 is 250 fxm, the depth of the second concave part 2a is 150 |j,m (400 iim - 250 
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|xm) or more. Furthermore, when a case that the thickness of the semiconductor sensor 
substrate 1 is set to be 150 jxm so as to correspond to the reduction of the thickness of the 
diaphragm is considered for the micro pressure measurement, the depth of the second 
concave part 2a is preferably 250 \im (400 jxm - 150 |xm) or more. 
5 What is important here is that the opening part of the second concave part 2a 

needs to be aligned to be included in the opening part of the first concave part Ic in case 
of the anode bonding of the semiconductor sensor substrate 1 with the glass base 2. For 
example, when the semiconductor sensor substrate 1 and the glass base 2 are in anode 
bonding with each other with the position slipped such as the illustration in Fig. 3, a 

10 problem arises first that an offset occurs upon an output voltage without the pressure by 
reason that a symmetry of a geometrical positional relationship of a bonding with the 
strain gage element is lost in an A part and a B part in Fig. 3. A problem arises secondly 
that a bonding area of the A part becomes smaller than the other part and thus a bonding 
strength of the A part becomes smaller than design values. Consequently, in the present 

15 preferred embodiment, the second concave part 2b has a square shape having the side 
shorter than the side of the square diaphragm la by approximately 500 \im with 
considering the allowable error of the aligrmient in anode bonding, thus the opening part 
of the second concave part 2a is always included in the opening part of the first concave 
part Ic. Consequently, the shape of the bonding is always equal to the shape of the joint 

20 surface of the semiconductor sensor substrate, thus the symmetry of the geometrical 
positional relationship of the bonding with the strain gage element Id is not lost, and the 
bonding area is also determined according to the shape of the bonding surface of the 
semiconductor sensor substrate, thxis it is also possible to maintain the predetermined 
design values of the bonding strength, and the problem as described above can be 

25 prevented. 
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In the present preferred embodiment, the semiconductor pressure sensor device 
having the square diaphragm is described, however, it goes without saying that a major 
point of the present invention is also applicable to a semiconductor pressure sensor device 
having a circular diaphragm. In that case, the concave part should be changed into a 
5 circular form and its diameter should be shorter than the diameter of the circular 
diaphragm by the amoimt of the allowable error of the alignment, and by doing this way, 
the opening part of the concave part of the glass base is included in the opening part of 
the first concave part of the semiconductor sensor substrate after the anode bonding of the 
semiconductor sensor substrate with the glass base, thus the similar effect can be seen. 

10 However, the semiconductor sensor substrate has the rectangular shape generally, thus it 
is more desirable preferred embodiment that a section of the opening part of the first 
concave part has the rectangular shape and a section of the opening part of the concave 
part of the glass base has the rectangular shape such as the present preferred embodiment 
in order to prevent the zero shift phenomenon caused by a condition that the shape of the 

15 bonding region with the support member is not symmetrical to the shape of the 
diaphragm, too. 

While the invention has been shown and described in detail, the foregoing 
description is in all aspects illustrative and not restrictive. It is therefore understood that 
numerous modifications and variations can be devised without departing firom the scope 
20 of the invention. 



